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Description 
Technical Field 

s [0001] The invention described herein pertains generally to a process to make a stainable and paintable composite 
comprising a first plastic and an essentially homogeneous blend of a second plastic and natural fibers, particularly 
suitable for use as door and window components as well as siding applications. 

Background of the In ventlon 

10 

[0002] In the art of window and door components and trim, such components have historically been made of 1 00% 
natural wood. Residential windows are commonly manufactured from milled wood products that are assembled with 
glass to form double hung or casement units. Wood windows, while structurally sound, useful and well adapted for use 
in many residential installations, can deteriorate under certain circumstances. Wood windows require painting and 

is other periodic maintenance. Wood windows are costly due to the increasing scarcity of suitable wood for construction, 
particularly clear wood products. As an alternative to wood, metal components are often combined with glass and 
fabricated into windows. Metal windows however, typically suffer from substantial energy loss during winter months. 
[0003] In recent years, extruded thermoplastic materials have been used in window and door manufacture. Filled 
and unfilled thermoplastics have been extruded into components to form plastic windows and into seals, trim, weath- 

20 erstripping, coatings, and other window construction components. Thermoplastic materials such as polyvinyl chloride 
(PVC) have been combined with wood members in manufacturing some windows for certain performance and cost 
advantages. The plastic is often colored with a coloring agent to give a wood-like appearance or to match the colors 
of the surrounding area. Although the colored plastic may appear somewhat wood-like, it cannot be painted or sanded 
or stained like real wood. For this reason, it was difficult, if not impossible, to match plastic components to natural wood 

25 surroundings. One prior art solution wrapped the plastic with a foil or laminate having a wood-iike appearance. Still 
another solution used an epoxy to glue wood laminates onto the thermoplastic. Such laminates however are expensive 
and easily damaged. 

[0004] It is known in the art to combine different forms of plastic with different forms of natural fiber such as wood 
flour, crushed shells of nuts, and other natural materials, the same being taught for example, in Canadian Laid Open 

30 application 2,144,566. The purpose of such previous combinations has been to enhance the physical properties and 
lower the cost of the product. However, the patent teaches the use of polyvinyl chloride / wood flour / metal release 
agent / fusion enhancer combination, which obtains its benefits from a physical mixing of the reactants. There is no 
teaching of any form of physisorption or chemisorption bonding, nor of the benefits which may be derived therefrom. 
Accordingly, a substantial need exists for a composite material that can be made of polymer and wood fiber with an 

35 optional, intentional recycle of a waste stream, which obtains its composite blend properties from the incorporation of 
a polymeric surfactant into the reactant mixture. Through this intimate bonding, a homogeneously dispersed cellulose 
fiber / polymer blend composite may be obtained. A further need exists tor a composite material that can be extruded 
into a shape that is a direct substitute for the equivalent milled shape in a wooden or metal structural member. This 
need requires a coefficient of thermal expansion that approximates wood, a material thatxan be extruded into repro- 

40 ducible stable dimensions, a high compressive strength, a low thermal transmission rate, an improved resistance to 
insect attack and rot while in use, and a hardness and rigidity that permits sawing, milling and fastening retention 
comparable to wood. 

[0005] Further, companies manufacturing window and door products have become significantly sensitive to waste 
streams produced in the manufacture of such products. Substantial quantities of wood waste, including wood trim 

45 pieces, sawdust, wood milling by-products, recycled thermoplastic including recycled polyvinyl chloride, have caused 
significant expense to window manufacturers. Commonly, these materials are either burned for their heat value in 
electrical generation, or are shipped to qualified landfills for disposal. Such waste streams are contaminated with sub- 
stantial proportions of hot melt and solvent-based adhesives, waste thermoplastic such as polyvinyl chloride, paint, 
preservatives, and other organic materials. A substantial need exists to find a productive, environmentally compatible 

so process for using such waste streams for useful structural members and thus, to avoid returning the materials into the 
environment in an environmentally harmful way. 

[0006] Therefore, the prior art teaches that conventional window and door manufacture has commonly used wood, 
metal and thermoplastic composites or a combination thereof. Wood windows, while structurally sound, can deteriorate 
under certain circumstances and require painting and other periodic maintenance. Thermoplastic, metal or thermo- 
55 plastic composite windows have overcome this problem, but have created others. Metal windows typically suffer from 
substantial energy loss during winter months. Thermoplastic or thermoplastic composite windows, although structurally 
sound, have no wood on the inside which is generally preferred by the consumer. To overcome this shortcoming, 
manufacturers have used various alternatives. One such alternative is a combination of wood, metal or thermoplastic 
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(or the manufacture ol windows which places the metal or thermoplastic on the outside of the window (thereby elimi- 
nating painting), while having the inside of the window as a wood surface, which can then be sanded, painted or stained. 
The thermoplastic or thermoplastic composite manufacturer often wraps the surfaces visible on the inside ol the window 
with a foil or laminate having a wood-like appearance. Such foils however, are expensive, difficult and time consuming 
5 to apply and are easily damaged by the end-user. At best, they are only an imitation which is obvious to the end-user 
and cannot be sanded or stained. Another approach is to glue wood veneer on the inside of the window surfaces. This 
however, is difficult to apply and extremely costly. 

[0007] NL-A-9302125 discloses a method for making fibre-reinforced thermoplastic material having porosity, which 
is achieved by a foaming action in the surface of the material by substances which release gases under the action of 
10 increased temperature as teh extrudate leaves the die and the surrounding pressure is released. The requirement of 
foaming gases is eliminated with this invention. 

[0008] EP-A-292 584 dislcoses a method for making panels and various processing steps used in forming a mixture 
of thermoplastic resin and organic filler wherein the plastication of this mixture is performed simultaneously with its 
formation. There is no mention of any combination of additives wherein the additives act in an antagonistic manner 
?5 with regard to each other as is the situation with the present invention. 

[0009] The present invention relates to a new and improved stainable and paintable article and method of making 
the article which is effective in use and overcomes the foregoing difficulties and disadvantages while providing better 
and more advantageous overall results. 

20 Summary of the Invention 

[0010] In accordance with the present invention, there is provided a process for combining cellulosic fiber and ther- 
moplastic polymer materials, tor example, wood fiber and polyvinyl chloride, coupled with the addition of a controlled 
amount of a release agent and an interfacial agent, within defined shear rate ranges, to form a composite material 
25 which is useful in forming structural members of controllable porosity, thereby permitting the application of stains and/ 
or paints in a manner similar to that of natural wood. 

[0011] In addition, the invention pertains to the additional step of coextruding an additional thermoplastic material 
(e.g., PVC) to form a unique composite of a composite plus a thermoplastic (i.e., composite of thermoplastic and wood 
flourplus either the same or another thermoplastic). This composite can be used to produce window and door parts 
30 that can be sanded, painted and stained on the natural fiber / thermoplastic side and have the advantage of the ther- 
moplastic on the other side. This composite material can be used to replace parts being produced from wood, thermo- 
plastic or metal such as aluminum and a combination thereof. 

[0012] The process of this invention manufactures a composite shape comprising a mixture of a first polymer and 
cellulosic fiber with optionally, a second polymer such as polyvinyl chloride. In making the natural fiber / PVC composite, 

35 about 10-55% of fiber and about 90-45% polymer are combined in an extruder. The materials are blended in a high 
intensity mixer and extruded in a multi screw extruder. This is the preferred method, but it is recognized that blending 
and mixing can be done in the multi-screw extruder, thereby eliminating the high intensity mixer. The mixture is blended 
under melt conditions in the extruder under sufficient conditions of temperature and pressure to permit degassing (L 
e., extracting water out of wood flour, and the volatiles and water out of the PVC) and simultaneously have an extrudate 

40 with a porosity that when formed, can be sanded, painted and stained. 

[001 3] The preferred composite material can be made from many different plastics, e.g., polyolefin, polystyrene, poly 
(meth)acrylic or polyester The most preferred system uses polyvinyl chloride and wood flour. It has been found that 
the addition of a metal release agent is required to obtain a melt which is fracture-free. This agent may interact with 
an interfacial agent and the two components must be combined in defined ratios to obtain good fusion and desired 

45 porosity. Shear rate through the die openings affect porosity. The higher the shear rate, the higher the porosity. Shear 
rates in the range of 200-500 seer 1 have been found to produce the desired porosity. While a twin screw extruder is 
envisioned to be the best mode of practicing the invention, it is believed that a single screw extruder will also produce 
an acceptable product with certain screw and barrel modifications. 

[0014] It is an object of this invention to provide a process by which wood flour, thermoplastic polymer, metal release 
so agent and interfacial agent are combined to result in a composite which is of controlled porosity. 

[0015] It is another object of this invention to provide an improved extruder screw design by which the above com- 
posite can be formed. 

[0016] These and other objects of this invention will be evident when viewed in light of the drawings, detailed de- 
scription, and appended claims. 

55 

Brief Description of the Drawings 

[0017] The invention may take physical form in certain parts and arrangements of parts, a preferred embodiment of 
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which will be described in detail in the specification and illustrated in the accompanying drawings which form a part 
hereof, and wherein: 

Fig. 1 is typical manufacturing setup for equipment used to compound a PVC/wood composite; 
5 Fig. 2 is a manufacturing setup showing two extruders and a dual extrusion head, with subsequent material process- 

ing equipment; 

Fig. 3 is a side view of an extruder screw as would be used in Fig. 2 for performing the process of the present 
invention; 

Fig. 3a is an expanded view of a notch configuration in the pre-compression section of the extruder screw as.shown 
10 in Fig. 3; 

Fig. 4 is a side view of an extruder with various identified temperature zones; 
Fig. 5 is a side view of an extruder showing the proper feeding level within the feed tube; 
Fig. 6 is a side view shown in cross-section of the co-extrusion die; 
Fig. 7 is a side view a vacuum calibration device; 
is Fig. 8 is a cross-sectional view of the vacuum calibration device shown in Fig. 7 along line 8-8; 

Fig. 9 is a side view of an embossing station; 

Fig. 10 is a perspective view of a piece of trim manufactured in accordance with the process described in this 
invention; 

Fig. 11 is a perspective view of a handle rail manufactured in accordance with the process described in this inven- 
20 tion; 

Fig. 1 2 is a perspective of a double hung window utilizing components manufactured in accordance with the process 
described in this invention; 

Fig. 13 is a steel, fiberglass or wood door utilizing components manufactured in accordance with the process 
described in this invention; 

25 Fig. 1 4 is a window component manufactured in accordance with the process described in this invention; 

Fig. 1 5 is a scanning electron micrograph of a natural fiber/PVC composite taken at 15 KV at 20x magnification; 
Fig. 16 is an enlarged scanning electron micrograph of Fig. 15 taken at 15 KV at 100x magnification; and 
Fig. 17 is an FTIR spectra showing the affect of the addition of an interfacial agent wherein Sample A has an 
oxidized polyethylene as the interfacial agent and Sample B has no interfacial agent added. 

30 

Detailed Description of the Invention 

[001 8] Referring now to the drawings wherein the showings are for purposes of illustrating the preferred embodiment 
of the invention only and not for purposes of limiting the same, the Figures show a process and a product which results 

35 from the process taught in this invention. 

[0019] As shown in Fig. 10, a composite article (150) is shown having a first zone (152) and a second zone (154). 
In a preferred embodiment, the first zone is made entirely of plastic, most preferredly polyvinyl chloride. The second 
zone is a composite made of natural fiber and plastic. Once again, the most preferred plastic is polyvinyl chloride while 
the preferred natural fiber is wood flour. Other non-limiting examples of other thermoplastics believed to be useful in 

40 this invention would include polyolefins, polystyrenes, polyacrylics and polyesters, while other natural fibers such as 
crushed nut shells are also envisioned as being capable of successful incorporation into this invention. 
[0020] The surface (156) of the second zone (154) is formed so that it has sufficient porosity to hold and retain 
conventional wood stain. The porosity of surface (1 56) is controlled by a mechanism which is not as yet fully understood, 
but is believed to involve several variables. The addition of small amounts of porosity agents, sometimes referred to 

<s as metal release agents, affects surface porosity. Increasing the amount of porosity agent in the composite decreases 
the porosity of the surface while decreasing the amount of porosity agent increases porosity The preferred porosity 
agent is available under the commercial name Rheochem Rheolube, a paraffin and/or hydrocarbon wax blend [CAS 
Reg. No. 8002-74-2] having a melting point above 170°F (76.7°C), (preferably above 185°F (85°C)) although other 
porosity agents, either alone or in combination with other porosity agents or metal release agents, which function in a 

50 similar capacity are also envisioned to be within the scope of this invention. Porosity agents are added in an amount 
of from 0.01% to 5%, more preferably from 0.1% to 4%, and most preferably from 0.5% to 3% weight percent. 
[0021] Interfacial agents also play a role in this process in aiding with the intimate blending of the dissimilar surfaces 
of wood flour (hydrophilic) and polymer (hydrophobic). The interfacial agent acts as a polymeric surfactant and aids in 
the formation of the polymer / wood flour blend through its dual functionality of having at least one portion of the moiety 

55 being hydrophilic and at least one other portion of the molecule being hydrophobic. Perhaps phrased another way, the 
moiety must be functionalized to the extent wherein at least one part of the molecule can bond either in a chemical or 
a physical sense, to at least the cellulose component of the wood flour while at least one other portion of the molecule 
can mix and/or compatibilize with the polymer. 
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r00221 Shear rate through the extrusion die opening also determines the final composite porosity and measurable 
porosity was only achieved by using a shear rate which was between 220-500 see'. Surface (156) is also sandab e 
with conventional sandpaper and can also be paintable. As such, the surlace can be sanded, painted or stained to 
closely resemble genuine wood and can be matched to other interior surfaces, 
s roo231 Wood flour (as wood) is comprised of different wood particles which tend to vary in color. A coloring agent (e. 
a TO 2 ) is added to eliminate this variation. This is accomplished in the second zone (1 54), where variations and color 
of' natural fiber may make such color emulation difficult to control within precise color schemes. Typically another 
coloring agent (e.g., Ferro V9156) is added to simulate wood colors. 

r0024] The composite which makes up the second zone includes 10% to 55% natural fiber and 45% to 90% PVC, 
10 and a sufficient amount of both a porosity agent and an interfacial agent as defined previously to obtain a surface 
suitable for staining. One example of an interfacial agent is a copolymer of ethylene and acrylic acid, i.e., poty(ethylene- 
co-acrylic acid) (-CH 2 CH 2 -) x [<;H 2 CH(C0 2 H)-] y of varying acrylic acid content. The CAS number tor this family of com- 
pounds is [9010-77-9]. The interfacial agent is required to promote fusion in the extruder prior to venting to allow 
application of a vacuum to abstract moisture from the natural fiber. The interfacial agent is typically added .n an amount 
is of from 0 01 % to 2%, more preferably from 0.05% to 1 %, and most preferably from 0.01 % to 0.5% by weight. 

[0025] It is envisioned that a number of polymers are capable of acting as an interfacial agent between the cellulose 
surfaces in the wood flour, which have a high hydroxy content, and the polymer phase, e.g. , polyvinyl chloride. Without 
being limited to any one theory, it is believed that the interfacial agent adsorbs on the surface of the cellulose particles 
and makes that surface -look* more polymer-like to the surrounding polyvinyl chloride. Hence, any polymenc compound 
20 likely to physisorb or chemisorb on cellulose is believed to provide the desired interfacial blending necessary to effec- 
tively form the desired product blend. 

r00261 Various copolymers effective in this application would include copolymers of ethylene and acrylic acid, i.e. 
poly(ethylene-cc-acrylic acid), (-CH 2 CH 2 -) x [.CH 2 CH(C0 2 H)-] y , commercially available with varying acrylic acid con- 
tent. One of the keys to the efficacy of this group of compounds is the '-co-acrylic acid' or similar type of polymer 
25 grouping. Other promising candidates of this sort would include: 
pory(ethylene-co-methacrylic acid), 

(-CH 2 CH 2 -) x [-CH 2 C(CH 3 )(C0 2 HH y ; 

poly(ethylene-co-methyl aery late-co-acrylic acid), 

(-CH 2 CH 2 -) x [-CH 2 CH(C0 2 CH 3 )-] y [-CH 2 CH(C0 2 H)-] z ; 

poly(methyl methacrylate-co-methacrylic acid), 

[-CH 2 C(CH 3 )(C0 2 CH 3 )-] x [-CH 2 C(CH 3 )(C0 2 H)-] y ; 

and 

poly(tert-butyl acrylate-co-ethyl acrylate-co-methacrylic acid), 

1 -CH 2 CH[C0 2 C(CH 3 ) 3 ] 3 -l x [-CH 2 CH(C0 2 C 2 H 5 )-] y [-CH 2 C(CH 3 )(C0 2 H)-] z . 



30 



35 



40 



45 

[0027] Another characteristic believed to play a role in the efficacy of the interfacial agent is its hydroxy content. 
Assuming physisorption is the predominant mechanism, then compounds which are believed to aid in the composition 

would include: 
50 poly(styrene-co-allyl alcohol), 

[-CH 2 CH(C 6 H 5 )-] x [-CH 2 CH(CH 2 OHH y ; 

55 and 

polyvinyl alcohol-cc-ethylene), 
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(-CH 2 CH 2 -) x [<:H 2 CH(OHH y . 

[0028] As will be discussed later in this application, when chemisorption is at least one of the operative modes ot 
this invention regarding the interfaciai agent and the cellulose, then any carboxytic acid group containing polymer will 
have at least some degree of efficacy in this system. Additionally, ester bonds can be formed from amides, acrylates, 
acyl hatdes, nitrites and acid anhydrides reacting with hydroxyl groups. Additional representative polymers would in- 
clude: 

polyvinyl chloride), carboxylated, 

polyvinyl chloride-co-vinyl acetate-co-maleic anhydride), and 

[-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 )-] y [-CH(C0 2 H)CH(C0 2 H)-] 2 

various -co-maleic acid or -graft-maleic acid polymers, of which there are many. Amides will react with alcohols 
under acidic conditions to produce an ester and an ammonium salt, rather than water as in the case with carboxylic 
acids, of which representative examples would include: 

poiyacrylamtde, 

[-CH 2 CH(CONH 2 )-] n ; 

and 

poly (aery lam ide-co-acry lie acid), 

[-CH 2 CH(CONH 2 )-] x [CH 2 CH(C0 2 H)-] y , 

although the hygroscopic qualities of these polymers somewhat diminish their effectiveness in this application. 
[0029] Another chemistry which is applicable is that ot the acrylates. which are a subset of esters. It would be possible 
to form an ester bond with an alcohol producing another alcohol in a transesterification reaction. For example, a meth- 
acryiate containing polymer could react with the surface hydroxyl to form the surface ester bond and methanol. Rep- 
resentative examples would include: 
poly(methyl methacrylate), 

[-CH 2 C(CH 3 )(C0 2 CH 3 H n ; 

poly(ethyl methacrylate), 
poty(ethylene-co-ethyl acrylate), 

(-CH 2 CH 2 -) x [-CH 2 CH(C0 2 C 2 H 5 )-] y ; 

and 

poly(butyl acrylate), 

[-(CH 2 CH 2 )CX) 2 (CH 2 )3CH 2 -l n . 

[0030] It is also known that acyl halides can react with an hydroxyl group to yield the ester bond and HCI. Another 
reaction chemistry would include that of a nitrile with a hydroxyl group under acidic conditions to yield the ester bond 
and an ammonium salt. Representative examples would include: 
polyacrylonitrile, 

[-CH 2 CH(CN)-] n ; 
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and 

poly (aery lon'itrile -co-butadiene), 



[-CH 2 CH(CN)-] x [-CH 2 CH=CHCH 2 -] y , 



particularly when the above poly(acrylonitrile-co-butadiene) is functionalized via amine termination or carboxylation. 
[0031] Another reaction which is possible is via an acid anhydride which reacts with a hydroxy! group to give the 
ester bond and an ester. A representative example would include: 

poly(ethylene-co-ethyl acrylate-co-maleic anhydride). 
[0032] Another family of block copolymers which are believed to be effective in this composition would be those 
formed with polyacrylic or polymethyacrylic acid, e.g., polystyrene di-block copolymers such as potystyrene-b-poly- 
acrylic acid and polystyrene-b-polymethacrylic acid. Other candidates include block copolymers with polyvinyl alcohol 

or polyoxyethylene. , 
Another family of block copolymers which are believed to be effective in this composition would be those formed with 
polyacrylic or polymethyacrylic acid, e.g., polystyrene di-block copolymers such as polystyrene-b-polyacrylic acid and 
polystyrene-b-polymethacrylic acid. Other candidates include block copolymers with polyvinyl alcohol or polyoxyeth- 
vlene 

[0033] Once again, without being limited to any one theory of operation, it is conceivable that any hydroxyl. hydroxy 
or acid functionalized low to medium molecular weight polymers may serve as compatibilizers in this system, e.g., 
hydroxyl functionalized polybutadiene [CAS 69102-90-5], HO(-CH 2 CH=CHCH 2 .) n OH. Other compounds which may 
act similarly would include 

polyvinyl chloride-co-vinyl acetate), 

(-CH 2 CH(CI)-] x [-CH 2 CH(0 2 CCH 3 )-] y ; 

polyvinyl chloride-co-vinyl acetate-co-2-hydroxypropyl acrylate), 

[-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 )-] y [-CH 2 CH[C0 2 CH 2 CH(OH)CH 3 H z ; 



and 

polyvinyl chloride-co-vinyl acetate-co-maleic acid), 

[-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 )-] y [-CH(C0 2 H)CH(C0 2 H)-] 2 . 

[0034] As shown in Fig. 1 , a typical manufacturing mixing setup is shown in order to produce the plastic/wood com- 
posite. In an illustrative example, the following materials as shown in Table I would be added into mixing apparatus 
(10) through inlet (12). 



Table I 



Component 




Quantity. 


Wood Flour 


50.0 lbs. (22.7 kg.) 


Porosity Agent 


2.5 lbs. (1.1 kg.) | 


Interfacial Agent 


0.3 lbs. (0.14 kg.) 


Pigment 


5.0 lbs. (2.3 kg.) i 


PVC 


116.0 lbs. (52.7 kg.) 
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[00351 The preferred plastic is polyvinyl chloride or PVC, although it is envisioned that other thermoplastics would 
also be operative in this process making appropriate temperature modifications due to polymeric base property drfler- 
ences Other envisioned thermoplastics would include polyolefins, polystyrenes, polyacrylics and polyesters. The pre- 
ferred natural liber wood flour, is manufactured in hardwood and pine grades, or in any natural fiber containing cellulose 
s and in various particle size distributions. Wile the mesh sizes from 20 mesh (S50u) to 140 mesh (106u), the preferred 
wood fiber is 80 mesh (180p) hardwood grade. 

[00361 The high intensity mixer (1 0) is started using mixing blade (16) in hopper (14) after the .ngredients are added 
via inlet (12) Nfixing continues until the temperature of the mixture reaches 210»F (98° C). This temperature is higher 
thanthemelting point otthe porosity aid used (Rheolube). but lower than its decomposrtion temperature. As me porosity 

w aid is mehed it adheres to the wood and other ingredients making a better homogeneous mixture. Upon reaching the 
final mixing temperature, the high intensity mixer (10) is stopped and its contents discharged via outlet (18) inter water 
jacketed ribbon blender (20) which reduces the mixture temperature to a lower constant temperature, thereby reducing 
the heat history of the composite material. In a preferred embodiment, this reduced temperature is room temperature. 
Variations in material temperature will cause extrusion throughput changes, which is highly undesirable, as would be 

»s the case when the material is used immediately after blending. Since generally some period of time passes prior to 
the utilization of the material, the temperature is reduced to room temperature for convenience, and to min.rn.ze deg- 

f0037i n ' In Fig 2. a typical manufacturing operation (30) is shown schematically. A first extruder (32) into which the 
mixed polymer/fiber has been added of Fig. 1 . extrudes the natural fiber / plastic compound through a dual extrusion 
20 head (36) A second extruder (34) which is necessary to make a co-laminated extruded product, but optional to sjmply 
make a natural fiber / plastic compound, extrudes a solid poVmer (e.g.. PVC) also through the dual extrusion head. 
The preferred manufacturing operation utilizes a conical twin extruder because it has good PVC processing charac- 
teristics can homogenize the PVC/wood flour mixture and all other ingredients. In addition, it has venting capability to 
extract watertromthewoodflourandtheother components. Woodflourcan have between1-10%water.n.tBlty present 
25 (more typically 3-6%). and this amount is reduced down to less than about 14%. After the composite has been extruded 
through the dual extrusion head (36). it passes to a vacuum calibration device (38). described more fully wrth reference 
to Figs 7-8. an embossing station (40), described more fully with reference to Fig. 9, a puller (42) which continues to 
pulltheextruded composite throughthe process apparatiiandacutter(44)vvhichcuts thecoma 
While separate mixing and extruding equipment has been described, for some applications, rt .s possible that the step 
of mixing can occur in the extruder. It is of course appreciated that the designation of first and second extruders is tor 
purposes of convenience only, and that material fed into one extruder could just as easily be fed into the other extruder 
after having incorporated the modifications to the screw design as discussed below in addition to the appropriate 
temperatures as also discussed. 

[0038] As shown in Fig. 3, one customized screw (50) from the extruder (32) is shown. Because of the high wood 
flour content in the compound, a set of high shear screws are utilized to enhance fusion before the vent. To further 
enhance the fusion process between the wood flour and polymer, the feed and shear sections prior to the vent have 
been modified to increase the feed (wood flour greatly decreases the bulk density) and increase the shear action o 
the screws A screw shaft (52) is divided into a plurality of sections, each designed to maximize the performance of 
one aspect of this process. In the feed section, screws (56) of width (w). e.g.. 0.560" (1.4 cm) are reduced toscrews 
40 (54) having a more narrow width (W), e.g.. 0.236" (.6 cm) to permit more feed into the extruder and rn.nim.ze the wear 
and tear on the screw flights. In the pre-compression section, a plurality of notches (60), (26 notches as used .n a 
specific embodiment of this invention) are cut into the screws (58) to increase the amount of shear to wheh file com- 
posite is exposed, since a homogeneous melt has yet to be made, leading to compression sect.cn (62) where the 
fusion is maximized. The pre-compression screws notches are -1 ■ (-2.5 cm) diameter and me notches a J^JTjK 
45 43 cm) up from the root diameter of the screw with -6 notches per flight as shown m Fig. 3a. Vent flight (64) rel eves 
the pressure generated by the fusion process and water vapor release leading to metering secfion (66) which leads 
to extrusion die (36). Insufficient vacuum leads to a product which easily goes through the die, but which has no 
mechanical strength. The vacuum used typically is about 0.6 bar, but can range from 0.2 to 1 bar. 
r00391 As indicated previously, wood flour reduces the bulk density of the composite formulation. Wrth the Preferred 
so 30-40% wood flour content, extrusion in a multi-screw extruder, with conventional screws, such as used in PVC pipe 
extrusion was simply not possible. The material was not sufficiently melted to allow abstracting water and volatiles. 
Atterinq the screws as described previously, to obtain more volume in the metering zone and more shear in the com- 
pression section permitted controlled venting. It has also be determined that the temperature profile of the extruder is 
important in developing the characteristics associated with the composite of this invention. It has been found that a 
55 high initial temperature in the input zone of the extruder is important, while reducing the temperature through the 
exlruder zones as the material passes from the input zone through interior zones to the die zones aids in melting the 
material prior to the venting port, and also aids in forming a melt that is homogeneous and has porosity after it exits 
the die. 
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[0040] In a preferred embodiment of this invention, the temperature profile of the extruder comprises a high input 
temperature, a step-wise reduction in temperature as the material passes from the input zone through the interior zones 
of the extruder The temperature of the coextrusion die is greater than the interior zone, but less than the input (feed) 
zone. Even using the above mentioned steps, melting prior to the vent was difficult. The addition of an mterfacial agent 
qreatly enhances fusion prior to the vent, but also has an adverse effect on the porosity of the melt. 
[0041] The preferred extruder for performing the present invention is a Krauss-Maffei KMD 60 multi-screw extruder. 
Other extruders such as Cincinnati Milacron (CM-55) could also be utilized in the invention. The KMD 60 »s preferred 
in that it has a positive displacement pump for the controlled transport of material through a die. The extruders used 
in this invention will have as major components, a barrel and preferably two screws, to transport, mix and compress 
the material, a heating and cooling system to control the heat needed tor processing, a drive train to power the screws 
and a control station for controlling the operation of the extruder, including instruments to monitor the process and 
indicate possible problems. 

[0042] The barrel will be of a meshing, dual conical tape bore. The combination of barrel taper and screw flight 
provides proper compression of the composite material. As shown in Fig. 4, the barrel is manufactured in one piece 
and has four operational zones. The larger outside diameter of the screws in the barrel intake area, zone 1 (78), allows 
for good intake of material and provides a large surface area for heat transfer to the material. Between zones two (79) 
and three (80) is a vent (76) to allow moisture and other gases to escape from the barrel (71). The fourth zone (81) 
is a metering zone where the material is compressed and metered out to a die (84). Between die (84) and extruder 
barrel (71 ) is an adapter (82) having zones 5 (83) and 6 (85). 

[0043] The screws each have a hollow core through which heat transfer liquid is circulated. This allows the transfer 
of unwanted frictional heat from zone 4 (81 ) back toward zone 1 (78). The four heat zones on barrel (71 ) are independ- 
ently controlled by electric heat bands and heat exchangers for accurate stabilization of operation temperatures. Like- 
wise zones 5 (B3) and 6 (85) on adapter (82) and zone 7 (87) on die (84) are independently controlled by heater bands 
and heat exchangers for accurate temperature control. The temperature of the heat transfer liquid in the screws ts also 
independently controlled. The preferred screws are Krauss-Maffei Pipe screws (high shear and high compression), 
and the preferred die is a custom-built co-extrusion die. 

[0044] Heat is applied to the four barrel zones by the electric heat bands. Heat is removed from barrel (71) by cir- 
culating oil through coils wound around the barrels at zones 2 (79), 3 (80) and 4 (81). The oil is circulated by a pump 
unit through a heat exchanger located in the base of the extruder. The barrel cooling system is equipped with flow 
» indicators for a visual check of the cooling performance in each cooling zone. Screw core cooling/heating is accom- 
plished with an independent temperature control unit. 

[0045] The drive train begins with an infinitely variable speed, constant torque drive motor coupled to a speed reducer. 
From the speed reducer, the drive train evolves into a two-shaft distribution gear drive. Since the drive shafts are on 
the center lines of their corresponding tapered screws, it is possible to use large gears for torque transfer and large 
> bearings to take up the axial force (back pressure) generated in the operation of the extruder. In order to achieve 
consistent quality of product, the speed and motor load of the drive train and the axial load of the thrust beanngs are 
measured. The temperature within extruder (70) is elevated to have a profile as shown in Table II. 



Tabic H 

Twin Screw Extruder Temperature Profile 



3; Zone 


Temp. 
Extruder #1 


r~ — 1 

Temp^ 

Extruder Ul 


Screw oil 


395°F(202°C) 


240°F(116°C) 


2 Zones before vent 


395°F (202°C) 


360°F(182°C) 


2 Zones after vent 


335°F(168°C) 


290°F(143°C) 


Adapter 


375°F(191°C) 


375°F(19l°C) 


Extrusion die 


390°F(199°C) 


390°F(199°C) 
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70 



The temperature profiles ot screw oil temperature (72), temperature two zones before (78) the vent (76), two zones 
after (80) the vent, the adapter (82) and extrusion die (84) are shown. 

[0046] As shown in Fig. 5, in most extruder applications, the common practice is to flood feed (94) the extruder (90). 
This should be avoided. The high wood flour content with 5-6% moisture, gives oft steam when it comes into contact 
with the extrusion screws (1 02). It is difficult for the steam to escape when the feed throat (92) is flood fed (94) leading 
to clumping of material and output variations. A level that barely covers the screws (96) is ideal. 
[0047] When the extrudate exits the adapter (82) of Fig. 4, it enters into the integrally attached co-oxtrusion head 
(110) as shown in Fig. 6 wherein PVC extrudate (118) from the second extruder (112) is coextruded onto natural fiber/ 
PVC extrudate (11 6) from the first extruder (11 4) to form the coextruded composite (120). A typical temperature profile 
ot the second extruder (112) would be essentially as follows (Table III) when it is a single screw extruder, and would 
appear as the second column in Table II when a double screw extruder. Broader ranges for the temperatures would 
encompass from 1 65-21 8°C before the vent, from 1 38-1 99°C after the vent, Irom 1 49-21 8°C adjacent to the die, from 
177-21 8°C at the die, and a screw oil temperature from 165-218°C. 



75 



20 



2S 



SO 



35 



40 



Table ffl 



Zone 


Temperature 


Rear 


340°F(171°C) 


Adjacent 2 Zones 


330°F(!66°C) 


Adapter 


310°F(154°C) 



[0048] As shown in Figs. 7 and 8, the composite extrudate (1 20) then passes through a vacuum calibration device 
(1 30) having vacuum grooves (134). The internal configuration which touches the composite extrudate has the shape 
of the final shape of the desired profile. A vacuum is applied to the composite shape to make it conform to the calibration 
configuration and continuously mold and cool the product. The calibration device is water cooled using water cooling 
channels (136) so that the composite extrudate cools while being formed. 

[0049] The composite shape is now completely cooled and enters the embossing station (140) as shown in Fig. 9. 
This is a 6* diameter hardened and chrome plated wheel (142) which is embossed with typically either a pine or oak 
pattern (144) It is heated to 177° - 199°C and sufficient pressure is applied to obtain a wood pattern while it is being 
rotated from the composite shape being pulled through, although in some applications, the embossing station may be 
motor-driven. Depending on the number of surfaces which are to be embossed, an embossing roll is required for each 
surface. 

[0050] While the embosser is shown subsequent to the calibration device, it is also envisioned that in some appli- 
cations the embossing station (140) may be positioned subsequent to the extrusion die, followed by sizing calibration 
operations. In this instance, the material will still be hot and will require that the embossing station be motor dnven and 
cooled. 

[0051] The finished composite shape then passes through a puller which acts as the pulling force to pull the composite 
through the calibration device and embossing stations. The composite shape is then pushed through a saw which 
travels with the shape as it is being sawn to length. 

[0052] The best mode for carrying out the invention will now be described for the purposes of illustrating the best 
mode known to the applicant at the time. The examples are illustrative only and not meant to limit the invention, as 
measured by the scope of the claims. 



so 



Example #1 



[0053] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
discussed above by combining the reactants in the following amounts: 
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Table I 



Component 




Ouantitv flbs.) 


Wnnrl Flfiur 

V V UUU 1 lUUi 


(American Wood Flour) 




Porosity Agent 


(Rheochem Rheolube 185) 


2.5 lbs. (1.1 kg.) 


Interfacial Agent 


(as identified below) 


0.3 lbs. (0.14 kg.) 


Pigment 


(Dupont R960 TiOJ 


5.0 lbs. (2.3 kg.) 


Pigment 


(Ferro V9156) 


1.5 lbs. (0.7 kg.) 


PVC 


(Georgia Gulf 3304/WH194) 


116.0 lbs. (52.7 kg.) 



Example #2 

[0054] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of rx>ly(ethylene-co-acrylic actd), 
(.CH 2 CH 2 -) x [-CH 2 CH(C0 2 H)-l f , [CAS 901 0-77-9] as the interfacial agent and wherein the values of x and y are adjusted 
to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #3 



[0055] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(ethylene-co-methacrylic 
acid) (-CH 2 CH r ) x [-CH 2 C(CH 3 )(C0 2 H)-] y [CAS 25053-53-6] as the interfacial agent and wherein the values of x and 
y are adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #4 

[0056] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(ethylene-co-methyl acrylate- 

co-acry lie acid), a . 

(-CH 2 CH 2 -)J-CH 2 CH(C0 2 CH 3 )-] y [-CH 2 CH(C0 2 H)-] z [CAS 41 525-41 -1 ] as the interfacial agent and wherein the values 
of x, y and z are adjusted to control the degree of blend compatibility desired with the final physical characteristics of 
the composite. 



Example #5 



[0057] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(methyl methacryiate-co- 
methacrylic acid), [-CH 2 C(CH 3 )(C0 2 CH3)-] x [-CH 2 C(CH 3 )(C0 2 H)-] y as the interfacial agent and wherein the values of 
x and y are adjusted to control the degree of blend compatibility desired with the final physical characteristics of the 
composite. 



Example #6 

[0058] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(tert-buty acrylate^o-ethyl 
acrylate-co-methacrylic acid). [-CH 2 CH[C0 2 C(CH 3 ) 3 ] 3 -U-CH 2 CH(C0 2 C 2 H 5 )-) y [-CH 2 C(CH 3 )(C0 2 H)-] z as the interfa- 
cial agent and wherein the values of x, y and z are adjusted to control the degree of blend compatibility desired with 
the final physical characteristics of the composite. 
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Example #7 

[0059] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(styrene-co-alryl alcohol), [- 
5 CH 2 CH(C 6 H 5 )-] x [-CH 2 CH(CH 2 OH)-] y [CAS 2511 9-62-4] as the interfacial agent and wherein the values of x and y are 
adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 

Example #8 

10 [0060] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl alcohol-co-ethylene), 
(-CH 2 CH 2 -) x [-CH 2 CH(OH)-] y [CAS 25067-34-9] as the interfacial agent and wherein the values of x and y are adjusted 
to control the degree of blend compatibility desired with the final physical characteristics of the composite. 

15 Example #9 

[0061] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl chloride), carboxylated, 
as the interfacial agent. 

20 

Example #10 

[0062] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl chloride-co-vinyl ac- 
25 etate-co-maleic anhydride) [-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 )-] y [-CH(C0 2 H)CH(C0 2 H)-] 2 [CAS 9005-09*] as the in- 
terfacial agent and wherein the values of x, y and z are adjusted to control the degree of blend compatibility desired 
with the final physical characteristics of the composite. 

Example #11 

30 

[0063] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyacrylamide, [-CH 2 CH 
(CONH 2 )-] n [CAS 9003-05-8] as the interfacial agent and wherein the value of n is adjusted to control the degree of 
blend compatibility desired with the final physical characteristics of the composite. 

35 

Example #12 

[0064] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(acrytamide-co-acrylic acid), 
40 [-CH 2 CH(CONH 2 )-] x [CH 2 CH(C0 2 H)-] y [CAS 9003-06-9] as the interfacial agent and wherein the values of x and y are 
adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 

Example #13 

45 [0065] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(methyl methacrylate), [- 
CH 2 C(CH3)(C0 2 CH 3 )-] n [CAS 9001 -1 4-7] as the interfacial agent and wherein the value of n is adjusted to control the 
degree of blend compatibility desired with the final physical characteristics of the composite. 

so Example #14 

[0066] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(ethylene-co-ethyl acrylate), 
(-CH 2 CH 2 -) x [-CH 2 CH(C0 2 C 2 H 5 )-] y [CAS 9010-86-0] as the interfacial agent and wherein the values of x and y are 
55 adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 
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Example #15 

[0067] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(butyl acrylate), KCH 2 CH 2 ) 
C0 2 (CH 2 ) 3 CH 2 -] n [CAS 9003-49-0] as the interfacial agent and wherein the value of n is adjusted to control the degree 
of blend compatibility desired with the final physical characteristics ol the composite. 



Example #16 

[0068] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyacrylonitrile, [-CH 2 CH(CN)-] n 
[CAS 25014-41-9] as the interfacial agent and wherein the value of n is adjusted to control the degree of blend com- 
patibility desired with the final physical characteristics of the composite. 



Example #17 

[0069] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(acrylonitrile-co-butadiene), 
[-CH 2 CH(CNH x [-CH 2 CH=CHCH 2 -] y [CAS 9003-18-3] as the interfacial agent and wherein the values of x and y are 
adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #18 

■ y 

[0070] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of poly(ethylene-co-ethyl acrylate- 
co-maleic anhydride) [CAS 41171-14-6] as the interfacial agent and wherein the value of the molecular weight is ad- 
justed to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #19 

[0071] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of potystyrene-b-polyacrylic arid 
as the interfacial agent and wherein the relative amounts of the polystyrene block and the polyacrylic block are adjusted 
to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #20 

[0072] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polystyrene-b-polymethacrylic 
acid as the interfacial agent and wherein the relative amounts of the polystyrene block and the polymethacrylic block 
are adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 



Example #21 



[0073] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polystyrene-b-polyvmyl alcohol 
as the interfacial agent and wherein the relative amounts of the polystyrene block and the polyvinyl alcohol block are 
adjusted to control the degree of blend compatibility desired with the final physical charactenstics of the composite. 



Example #22 



[0074] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polystyrene-b-polyoxyethylene 
as the interfacial agent and wherein the relative amounts of the polystyrene block and the polyoxyethylene block are 
adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 
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Example #23 

[0075] A composite of PVC / wood flour / porosity agent / interfacia! agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of hydroxy! functionalized polyb- 
5 utadiene, HO(-CH 2 CH=CHCH 2 -) n OH [CAS 69102-90-5] as the interfacia! agent and wherein the value of n is adjusted 
to control the degree of blend compatibility desired with the final physical characteristics of the composite. 

Example #24 

70 [0076] A composite of PVC / wood flour / porosity agent / interfacia! agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl chloride-co-vinyl ac- 
etate), [-CH 2 CH(CI)-] x [-CH 2 CH(0 2 CCH 3 )-] y [CAS 9003-22-9] as the interfacial agent and wherein the values of x and 
y are adjusted to control the degree of blend compatibility desired with the final physical characteristics of the composite. 

75 Example #25 

[0077] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl chloride-co-viny! ac- 
etate-co-2-hydroxypropyl acrylate), [-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 H y [-CH 2 CH[C0 2 CH 2 CH(OH)CH 3 ]-] z [CAS 
20 41618-91 -1] as the interfacial agent and wherein the values of x, y and z are adjusted to control the degree of blend 
compatibility desired with the final physical characteristics of the composite. 

Example #26 

25 [0078] A composite of PVC / wood flour / porosity agent / interfacial agent is made in accordance with the conditions 
and quantities of reactants as discussed above in Example #1 with the substitution of polyvinyl chloride-co-vinyl ac- 
etate-co-maleic acid), 

[-CH 2 CH(CI)-] x [CH 2 CH(0 2 CCH 3 )-] y [-CH(C0 2 H)CH(C0 2 H)-] z [CAS 9005-09-8] as the interfacial agent and wherein the 
values of x. y and z are adjusted to control the degree of blend compatibility desired with the final physical characteristics 
so of the composite. 

[0079] When the above process is followed, various products such as trim (Fig. 10), handle rails (Fig. 11), double 
hung windows (Fig. 1 2), doors (Fig. 1 3), and window components (Fig. 1 4) can be produced. As discussed previously 
with reference to Fig. 10, the handle rail shown in Fig. 11 shows the coextruded composite (160) wherein the outer 
surface (168) represents the composite natural fiber/PVC component (164) and the inner surface is the PVC segment 

35 (1 62). The outer surface (1 68) may be embossed with a wood grain pattern (1 66) which can then be stained or painted. 
[0080] The double hung windows shown in Fig. 1 2, also shows the coextruded construction (170) wherein the inner 
composite (174) is the natural fiber/plastic component and the outer section (172) is the PVC segment. In this arrange- 
ment, the inner composite (174) can be stained and/or painted to match interior room decor. Due to temperature var- 
iations in windows, with very cold weather on one side of the window and warm temperatures on the interior side, 

40 dimensional integrity of plastic window components can be a problem. Since natural fibers have better thermal stability 
when compared with many plastics, the addition of natural fiber can improve performance. Prior art vinyl windows 
would necessarily have plastic components visible from the interior side of the window These interior components 
could only roughly approximate the appearance of natural wood. Some previous attempts to rectify this included wrap- 
ping such components with foil which simulated wood grain. However, this represented an expensive solution and the 

45 foil was often too fragile to retain its appearance for long period of time under heavy use. 

[0081] With reference to Fig. 13, another common application of the invention is shown. A door (180) is primarily 
made of wood, metal, or fiberglass. Some designs feature window glass (184) surrounded by trim (182). This trim is 
a good application of the composite article shown in Fig. 10. 

[0082] In one specialized utilization of this invention shown in Fig. 14, a piece of weather stripping (198) is affixed 
so along a longitudinal edge (196) to form an insulation sealed coextruded product (190) having a natural fiber/PVC 
component (194) and a PVC component (192). It is recognized that when the product manufactured is as shown in 
Fig. 13, an additional extruder is necessary, and the co-extrusion head discussed previously, will be modified to allow 
an additional melt stream which will form the weatherseal (i.e., a tri-extrusion head). When using flexible vinyl as the 
additional melt stream, an effective bond is found to be made between the composite material and the weatherseal. 
55 While flexible vinyl is typically preferred for many window and door applications, there is no need to limit the invention 
to such and other materials that bond to rigid PVC and/or natural fiber/PVC composites would also work. While the 
processing conditions are generally known throughout the industry for extrusions involving flexible vinyl, a typical set 
of temperatures in the extruder / head would be approximately 1 32° C for the rear zone and zone 2 as defined previously, 
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and 1 60°C for zone 3 and the adapter. 

[0083] The amount of stain/porosity absorption the final extruded profile will have is dependent on the porosity of 
the external surface. The greater the porosity, the greater the absorption. Porosity is controlled by adding a small 
amount of additional porosity agent to the mixture (commercially available PVC having some metal release agent or 
porosity agent already added) and interfacial agent. The preferred porosity agent is Rheochem Rheolube 185. It has 
been found that this release agent also deters fusion in the feed, pre^compression and compression portion of the 
extruder In the extruder, venting (extracting moisture via vacuum from the wood) becomes very difficult since the wood/ 
PVC have not been sufficiently melted to form a homogeneous melt in the vent section of the extruder. In this case, 
water, PVC and some wood flour can be extracted into the vent section. To overcome this problem, the high compression 
/ high shear standard pipe screws were modified by narrowing the two flight widths in the feed section to allow more 
feed. Also, notches were added in the pre-compression section of the screws to obtain more shear. While this improved 
the process, insufficient f usbn was still noted at the vent and an interfacial agent was needed to be added to the mixture 
to obtain melt which is suitable for venting. Another factor that influences porosity is shear rate through the die opening 
(straight land length), shear rates (based on PVC only) between 220 - 500 sec 1 showed good porosity with the preferred 
mixture. 

[0084] The significance of the porosity is clearly shown in Figs. 15-16, which are photographs of the natural fiber/ 
PVC component only. Fig. 15 is an enlargement at 20x magnification taken at 15 KV with a 1mm reference mark 
embedded in the picture. The porosity which is due to void formation, is clearly evident. At the higher magnification 
100x, shown in Fig. 16. these voids are even more prevalent, as shown with the 100 \i mark embedded therein. The 
samples were prepared by the teachings described above. In order to calculate porosity, the surface picture is digitized 
and with the aid of a software package, the amount of voids over a given area is calculated, based on black vs. white 
pixels. The porosity of the composite in these Figures is approximately 22%. Both samples show micro voids uniformly 
dispersed on the surface. 

[0085] A comparative study was made regarding the impact of various variables which are present in the system. 
The variables studied were the effect of material pre-blending of all components with the exception ol the wood flour, 
barrel zone temperatures 3&4, screw oil temperature, feed level, vent vacuum and die temperature. The following 
matrix (Table IV) was used to evaluate the effect of the six factors on the melt strength of natural fiber/PVC composite 
extrudates. Low melt strength has historically been one of the major problems experienced with this type of product. 
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Table IV 



Factor 


Variable Range #1 


Variable Range #2 


Starting Material 


no pre-blending 


pre-blending 


Barrel 3&4 temp (°F) 


295 


335 


Screw Oil temp(°F) 


365 


395 


Feed level 


flood 


starve 


• 

Vent vacuum 


0.3 


0.8 


Die temp (°F) 


365 


395 | 



A partial factorial designed experiment was conducted with the above variables. Melt strength was measured by grad- 
ually increasing the puller speed until the line broke. A sample immediately prior to the break was retrieved, measured 
so and weighed. From this data, it was possible to calculate the weight/inch of the part. The lower the number, the higher 
the melt strength. 

[0086] The product made from the non-preblended material showed an 11 .6% increase in melt strength. The higher 
barrel temperature also produced a product with 1 3.4% more melt strength, while increasing the vent vacuum resulted 
in 5.7% more melt strength. Screw oil temperature, feeder level and die temperature were shown to be essentially non- 
55 critical factors in determining melt strength. 

[0087] Porosity determines the stainability of the final extrusion. The higher the porosity, the more stain it will absorb. 
Conversely, the lower the porosity, the less stain will be absorbed. A 22% porosity (void percentage) is preferred. 
Porosity in the range of 5% to 40% will stain, and the amount is a visual preference by the end-user. 
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Discussion 



[00881 In its most general terms, the intertacial agent can be envisioned to be a low to medium molecular weight, 
oxygen-containing hydrocarbon polymer. The oxygen-containing aspect of the polymer would include, but not be limited 
s to functionality of carboxylic acid groups, esters, ethers, alcohols, acrylates. acid anhydrides, etc. Depending upon 
the functional group contained within the polymer, the intertacial agent would attach by either a physisorption (e.g.. 
hydrogen bonding) or chemisorption (e.g., ester bonding). 

[0089] As shown in Fig. 17, at least when using oxidized polyethylene [CAS 68441-17-8] as the interfacial agent, 
prepared in accordance with example #1, (Sample A) and without the addition of an intertacial agent (Sample B). 
10 Fourier Transform Infrared spectroscopy (FDR) evidence points strongly to chemisorption as at least one operative 
mechanism with the formation of an ester bond between the interfacial agent and the cellulose, evidenced by he strong 
peak at 1734 cnr' (carbonyl stretch). This is a classic diagnostic for the presence of the carbonyl portion of the ester 

Si Specifically, two samples (A and B) were prepared by cutting an extruded section of material into pieces 
is smaller than 0.5 cm on a side and grinding the pieces in a Waring commercial blender using a stainless steel sample 
jar and stainless steel blades. Approximately five (5) grams of material from each of the two samples were prepared 
in this fashion The FTIR used was a Nicolet Magna IR 550 Series 2 operated in diffuse reflectance mode. 
[0091] While attention has been directed to oxygen-based chemistry, it is also envisioned that if chemisorption, pos- 
sibly via ester formation is a reaction mechanism, then any carboxylic acid group contained within the polymer may 
20 work It is also known that ester-type bonds can be formed from amides, acyl halides. ketones, nitriles and acrylates. 
Therefore, polymers which contain at least one or several of the above functional groups would be useful in this .in- 
vention. Amides react with alcohols under acidic conditions to produce an ester and an ammonium salt, .nstead of 
water as in the case of carboxylic acids. 

[0092] II is also believed that the molecular weight of the intertacial agent is an aspect of this invention which will 
25 have a role in determining both the efficacy of the intertacial agent and in the final products of any composite which 

results therefrom. In general, it is believed that the molecular weight (MJ of the intertacial agent should be less than 

or equal to 6 000 and greater than or equal to 100. more preferably less than or equal to 3,000 and greater than or 

equal to 200. and most preferably less than or equal to 1,500 and greater than or equal to 500. 

[0093] The invention has been described with reference to preferred and alternate embodiments. Obvwusfy. mod.- 
30 fications and alterations will occur to others upon the reading and understanding of the specification. It is intended to 

include all such modifications and alterations insofar as they come within the scope of the appended claims or the 

equivalents thereof. 



35 Claims 



1. A process for the preparation of a porous natural cellubsic wood fiber and thermoplastic composite comprising: 

mixing the natural cellulosic wood fiber and the thermoplastic with 

(rom o.01 to 5% by weight of a porosity aid which is selected from the group consisting of a paraffin and 
a hydrocarbon wax blend having a melting point of 93°C or tower, and 

from 0 01% to 2% by weight of an intertacial agent to aid in forming a homogeneous distnbution of the 
natural cellulose-containing fiber in the thermoplastic, said interfacial agent being functionalized to the 
45 extent wherein at least one part of the intertacial agent can form a chemical or a phys.cal bond to at least 

a portion of a cellulose component of the natural cellulose-containing fiber while at least one other portion 
of the intertacial agent aids in the compatibilization with the thermoplastic, thereby forming a mixture; 

extruding the mixture through an extrusion die of an extruder as the composite; and shaping the composite 
so to a desired profile. 

2. The process of claim 1 wherein the step of mixing occurs in a high intensity mixer at a temperature of about 
82-1 16'C. 

3 The process of claim 1 wherein a temperature profile of the extender is from 165-218»C before the vent, from 
138-199°C after the vent, from 149-218°C adjacent to the die. from 177-218°C at the die. and a screw oil istrom 
165-218°C. 



55 
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4. The process of claim 1 wherein a mixture level within a feed opening to the extruder is at a level which covers the 
screws. 

5. The process of claim 1 wherein the thermoplastic is selected from the group consisting of polyvinyl chloride, poly- 
olefins, polystyrenes, polyacrylics and polyesters. 

6. The process of claim 1 wherein the interfacial agent is a polymeric surfactant. 

7. The process of claim 6 wherein the at least one interfacial agent linking atom within the at least one interfacial 
agent linking group is oxygen. 

8. The process of claim 7 wherein the at least one interfacial agent linking group is oxygen contained within a functional 
group in the polymeric surfactant, said function group selected from the group consisting of carboxylic acids, esters, 
ethers, acrylates, acid anhydrides, amides and alcohols. 

9. The process of claim 8 wherein the interfacial agent is selected from the group consisting of oxidized polyolefin, 
poly(ethylene-co-acrylic acid), poly(ethylene-co-methacrylic acid), poty(ethylene-co-methyl acrylate-co-acrylic ac- 
id), poly(methyl methacrylate-co-methacrylic acid), poly(tert-butyl acrylate-co-ethyl acrylate-co-methacrylic acid), 
poiy(styrene-co-allyl alcohol), polyvinyl alcohol-co-ethylene), carboxylated polyvinyl chloride), polyvinyl chloride- 
co-vinyl acetate-co-maleic anhydride, polyacrylamide, poly(acrylamide-co-acrylic acid), poly(methyl methacr- 
ylate), poly(ethyl methacrylate), poly(ethylene-co-ethyl acrylate), poly(butyl acrylate), poly(ethylene-co-ethyl acr- 
ylate-co-maleic anhydride), polystyrene-b-polyacrylic acid, polystyrene-b-polymethacrylic acid, polystyrene-b-pol- 
yvinyl alcohol, polystyrene-b-polyoxyethylene, hydroxyl functional ized polybutadiene, polyvinyl chloride-co-vinyl 
acetate), poly(vinyl chloride-co-vinyl acetate-co-2-hydroxypropyl acrylate), polyvinyl chloride-co-vinyl acetate-co- 
maleic acid). 

10. The process of claim 6 wherein the at least one interfacial agent linking atom within the at least one interfacial 
agent linking group is nitrogen. 

11. The process of claim 10 wherein the at least one interfacial agent linking group is nitrogen contained within a 
functional group in the polymeric surfactant, said f unction group selected from the group consisting of amines and 
nitriles. 

1 2. The process of claim 1 wherein the extrusion die is a dual extrusion die and a second thermoplastic is coextruded 
onto the composite. 

1 3. The process of claim 1 2 wherein the second thermoplastic is selected from the group consisting of polyvinyl chlo- 
ride, polyolefins, polystyrenes, polyacrylics and polyesters. 

14. The process of claim 1 wherein the shear rate is from 220-500 sec- 1 . 

15. A composite article comprising: 

a first zone, said first zone being comprised of a first polymer, and 
a second zone, said second zone being comprised of 

a second polymer, 

a natural cellulose-containing fiber, 

from 0.01 to 5% by weight of a porosity agent to control the porosity of said second zone having an outer 
surface, said outer surface being porous to hold and retain wood stain or paint, said porosity aid being 
selected from the group consisting of a paraffin or hydrocarbon wax blend having a melting point of 93°C 
or lower; and 

from 0.01 to 2% by weight of an inlerfacial agent to aid in forming a homogeneous distribution of the natural 
cellulose-containing fiber in the second polymer, said interfacial agent being functional ized to the extent 
wherein at least one part of the interfacial agent can form a chemical or a physical bond to at least a 
portion of a cellulose component of the natural cellulose-containing fiber while at least one other portion 
of the interfacial agent aids in the compatibilization with the second polymer and 
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said lirsl and second zones being integral and being coextruded together. 

16. The article of claim 15 wherein 

said second zone comprises 

from 90-45% by weight inclusive ot said second polymer and 

from 10-55% by weight inclusive ot said natural cellulose-containing fiber, 

the composite of the second zone having a porosity of between 5-40% inclusive. 

17. The composite of claim 15 wherein the interfacial agent is a polymeric surfactant. 

18. The composite of claim 17 wherein the at least one interfacial agent linking atom within the at least one interfacial 
agent linking group is oxygen. 

19 The composite of claim 19 wherein the at least one interfacial agent linking group is oxygen contained within a 
' functional group in the porymeric surfactant, said function group selected from the group conststmg of carboxyHc 

acids, esters, ethers, acrylates, acid anhydrides, amides and alcohols. 

20 The composite of claim 1 9 wherein the interfacial agent is selected from the group consisting ot oxidized polyolefin. 
' poly(ethylene-co-acrylic acid), poV(ethylene-co-methacrylic acid), poly(ethylene-co-methylacrylate-co-acryt.c ac- 
id), poly(methyl methacrytete^o-methacrylic acid), pory(tert-bu«yl acrytete-coethyl ac ^^f^^ 
poiy (styrene-co-allyl alcohol), polyvinyl alcohol^o-ethylene), carboxylaled poly(v.nyl chtor.de), poly(v.nyl chtonde- 
co-v nyl acetate«o-maleic anhydride, polyacrybmide. poly(acrylamide-co-acrylic acid) i poly methyl methacr- 
ylate) polyfethyl methacrylate). poly(ethylene-co-ethyl acrylate), poly(butyl acrylate), poly(ethylene-co-ethyl ac - 
ylate^leic anhydride), polystyrene-b-polyacrylic acid, polystyrene-b-po^ 

yvinyl alcohol, polystyrene-b-polyoxyethylene. hydroxy! functionalized polybutad.ene, poly(v.nyl chlo.de-co-v.nyl 
Aetata), rx>ly^yUto^^ 
maleic acid). 

21. The composite of claim 17 wherein the at least one interfacial agent linking atom within the at least one interfacial 
agent linking group is nitrogen. 

22 The composite ot claim 21 wherein the at least one interfacial agent linking group is nitrogen contained within a 
' functional group in the polymeric surfactant, said function group selected from the group consisting of ammes and 
nitriles. 

23. The composite of claim 22 wherein the interfacial agent is selected from the group consisting of polyacrylonitrile 
and poly(acrylonitrile-co-butadiene). 

24 The composite of claim 15 wherein the first and second polymers are independently selected from the group 
consisting of polyolefins, polystyrenes, polyacrylics, polyvinyl chloride and polyesters. 

25. The composite of claim 24 wherein the first and second polymers are different. 

26. The composite of claim 24 wherein the first and second polymers are the same. 

27. The composite of claim 26 wherein the first and second polymers are polyvinyl chloride. 



Patentanspruche 

1. Verfahren zur Herstellung eines porosen Komposits aus natuneher Cellutose-Holz-Faser und einen Thermopla- 
sten, umfassend: 

Mischen der naturlichen Cellulose-Holz-Faser und des Thermoplasten mit 

von 0,01 bis 5 Gew.-% eines Porositatshilfsstoffs. der ausgewahlt wird aus der Gruppe, d.e aus e.nem Paraffin 



18 



EP 0 883 482 B1 



und einem Kohlenwasserstoff-Wachs-Blend mit einem Schmelzpunkt von 93°C oder niedriger besteht, und 
von 0,01 bis 2 Gew-% eines Grenzflachenmittels zur Unterstutzung bei der BiWung einer homogenen Vertei- 
lung der naturlichen Cellubse-enthaltenden Faser im Thermoplasten, wobei das Grenzflachenmittel in einem 
solchen AusmaG f unktionalisiert ist, daB mindestens ein Teil des Grenzflachenhilf smittels eine chemische oder. 
5 eine physikalische Bindung mit mindestens einem Anteii einer Cellulose-Komponente der naturiichen Celiu- 

lose-enthaltenden Faser bilden kann, wahrend mindestens ein anderer Anteii des Grenzflachenmittels die 
Kompatibilisierung mit dem Thermoplasten unterstutzt, wodurch eine Mischung gebildet wird; 
Extrudieren der Mischung durch eine Extrusionsduse eines Extruders als Komposit; und Formen des Kom- 
posits zu einem gewunschten Prof i I. 

70 

2. Verfahren nach Anspruch 1 , wobei der Schritt des Mischens in einem Hochintensitatsmischer bei einer Temperatur 
von ungefahr82 bis 116°C stattfindet 

Verfahren nach Anspruch 1 , wobei das Temperatur-Profil des Extruders 1 65 bis 218°C vor der Beluftungsoffnung, 
1 38 bis 1 99°C nach der Beluftungsoffnung, 1 49 bis 21 8°C in der Umgebung der Duse, 1 77 bis 21 8°C an der Dflse 
ist und das Schneckendl 165 bis 218°C betragt. 

Verfahren nach Anspruch 1 , wobei das Mischungsniveau in einer Zufuhroffnung zum Extruder auf einem Niveau 
liegt, das die Schnecken bedeckt. 

Verfahren nach Anspruch 1, wobei der Thermoplast ausgewahlt wird aus der Gruppe, die aus Polyvinylchlorid, 
Polyolefinen, Polystyrolen, Polyacrylen und Polyestern besteht. 

Verfahren nach Anspruch 1, wobei das Grenzflachenmittel ein polymerer oberflachenaktiver Stofl ist. 

Verfahren nach Anspruch 6, wobei mindestens ein bindendes Atom des Grenzflachenmittels innerhalb der min- 
destens einen Grenzflachenmittel-bindenden Gruppe Sauerstoff ist. 

Verfahren nach Anspruch 7, wobei die mindestens eine Grenzflachenmittelbindende Gruppe Sauerstoff ist, der in 
einer funktionellen Gruppe im polymeren oberflachenaktiven Stofl enthalten ist, wobei die funktioneUe Gruppe 
ausgewahlt wird aus der Gruppe, die aus Carbonsauren, Estern, Ethern, Acrylaten, Saureanhydriden, Amiden 
und Alkoholen besteht. 

Verfahren nach Anspruch 8, wobei das Grenzflachenmittel ausgewahlt wird aus der Gruppe, die besteht aus oxi- 
diertem Polyolefin, Pory(ethylen-co-acrylsaure), Poly(ethylen-co-methacrylsaure), Poly(ethylen-co-methylacrylat- 
co-acrylsaure), Polylmethylmethacrylat-co-methacrylsaure), Poly(tert-butylacrylat-co-ethylacrylat-co-methacryl- 
saure), Poly(styrol-co-allylalkohol), Poly(vinylalkohol-co-ethylen), carboxyliertes Poly(vinylchlorid), Poly(vinylch!o- 
rid-co-vinylacetat-co-maleinsaureanhydrid), Polyacrylamid, Poiy(acrylamid-co-acrylsaure), Poly(methylmethacry- 
lat), Poly(ethylmethacrylat), Poly(ethylen-co-ethylacrylat), Poly(butylacrylat), Poly(ethylen-co-ethylacrylat-co-mal- 
einsaureanhydrid), Polystyrol-b-polyacrylsaure, Polystyrol-b-polymethacrylsaure, Polystyrol-b-polyvinylalkohol, 
Polystyrol-biX)lyoxyethylen, Hydroxyf unktionalisiertes Polybutadien, Poly(vinylchlorid-co-vinylacetat), Poly(vinyl- 
chlorid-co-vinylacetat-co-2-hydroxypropylacrylat), Poly(vinylchlorid-co-vinylacetat-co-maleinsaure). 

10. Verfahren nach Anspruch 6, wobei das mindestens eine Grenzflachenmittelbtndende Atom in der mindestens 
4$ einen Grenzflachenmittel-bindenden Gruppe Stickstoff ist 

11. Verfahren nach Anspruch 10, wobei die mindestens eine Grenzflachenmittelbindende Gruppe Stickstoff ist, der in 
einer funktionellen Gruppe im polymeren oberflachenaktiven Stoff enthalten ist, wobei die funktioneUe Gruppe 
ausgewahlt wird aus der aus Aminen und Nitrilen bestehenden Gruppe. 

50 

12. Verfahren nach Anspruch 1 , wobei die Extrusionsduse eine Doppelextrusionsduse ist, und ein zweiter Thermoplast 
auf das Komposit co-extrudiert wird. 

13. Verfahren nach Anspruch 12, wobei der zweite Thermoplast ausgewahtt wird aus der aus Polyvinylchlorid, Poly- 
55 olefinen, Polystyrolen, Polyacrylen und Polyestern bestehenden Gruppe. 

14. Verfahren nach Anspruch 1 , wobei die Scherrate 220 bis 500 sek" 1 betragt. 
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15. Komposit-Artikel, umfassend: 

eine erste Zone, wobei die erste Zone aus einem ersten Polymer besteht; und 
eine zweite Zone, wobei die zweite Zone besteht aus 
s einem zweiten Polymer, 

einer naturlichen Cellulose-enthaltenden Faser, 

von 0,01 bis 5 Gew.-% eines Porositatsmittels zur Kontrolle der Porositat der zweiten Zone mit einer auBeren 
Oberflache, wobei die au&ere Oberflache poros ist, urn Holzbeize Oder Farbe zu halten und zuruckzuhalten, 
wobei das Porositatshilfsmittel ausgewahlt wird aus der Gruppe, die aus einem Paraffin oder einem Kohlen- 

w wasserstoff-Wachs-Blend mit einem Schmelzpunkt von 93°C Oder weniger besteht; und 

von 0,01 bis 2 Gew-% eines Grenzflachenmittels zur Unterstutzung bei der BikJung einer homogenen Vertei- 
lung der naturlichen Cellulose-enthaltenden Faser im zweiten Polymer, wobei das Grenzflachenmittel in einem 
solchen AusmaB funktbnalisiert ist, daB mindestens ein Teil des Grenzflachenmittels eine chemische oder 
physikalische Bindung mit mindestens einem Teil einer Cellulose-Komponente der naturlichen Ceilulose-ent- 

15 haltenden Faser bilden kann, wahrend mindestens ein anderer Teil des Grenzflachenmittels bei der Kompa- 

tibilisierung mit dem zweiten Polymeren unterstutzt; und 

wobei die erste und zweite Zone an einem Stuck vorliegen und miteinander co-extrudiert werden. 

16. Artikel nach Anspruch 15, wobei 

20 

die zweite Zone 

von 90 bis 45 Gew.-% inkiusive des zweiten Polymeren und 

von 10 bis 55 Gew.-% inkiusive der naturlichen Cellulose-enthaltenden Faser umfaBt, 

wobei der Komposit der zweiten Zone eine Porositat von zwischen 5 bis 40 % inkiusive aufweist. 

25 

17. Komposit nach Anspruch 15, wobei das Grenzflachenmittel ein polymerer oberflachenaktiver Stoff ist. 

18. Komposit nach Anspruch 17, wobei das mindestens eine Grenzflachenmittelbindende Atom in der mindestens 
eine Grenzflachenmittel-bindenden Gruppe Sauerstoff ist. 

30 

19. Komposit nach Anspruch 18, wobei die mindestens eine Grenzflachenmittelbindende Gruppe Sauerstoff ist, der 
in einer funktionellen Gruppe im polymeren oberflachenaktiven Stoff enthalten ist, wobei die funktionelle Gruppe 
ausgewahlt wird aus der Gruppe, die aus Carbonsauren, Estern, Ethern, Acrylaten, Saureanhydriden, Amiden 
und Alkoholen besteht. 

35 

20. Komposit nach Anspruch 19, wobei das Grenzflachenmittel ausgewahlt wird aus der Gruppe, die besteht aus 
oxidiertem Polyolefin, Poly(ethylen-co-acrylsaure), Poly(ethylen-co-methacrylsaure), Poly(ethylen-co-methylacry- 
lat-co-acryisaure), Poly(methylmethacrylat-co-methacrylsaure), Poly(tert-butylacrylat-co-ethylacrylat-co-me- 
thacrytsaure), Poly(styrol-co-allylalkohol), Poly(vinylalkohol-co-ethylen), carboxyliertes Poly(vinylchlorid), Poly 

40 (vinylchtorid-co-vinylacetat-co-maleinsaureanhydrid), Polyacrylamid, Poly(acrylamid-co-acrylsaure), Poly(methyl- 

methacrylat), Poly(ethylmethacrylat), Poly(ethylen-co-ethylacrylat), Poly(butylacrylat), Poly(ethylen-co-ethylacry- 
lat-cb-maleinsaureanhydrid), Polystyrol-b-polyacrylsaure, Polystyrol-b-polymethacrylsaure, Polystyrol-b-polyvi- 
nylalkohol, Polystyrol-b-polyoxyethylen, Hydroxyfunktionalisiertes Polybutadien, Poly(vinylchlorid-co-vinylacetat), 
Poly(vinylchtorid-co-vinylacetat-co-2-hydroxypropylacrylat), Poly(vinylchlorid-co-vinylacetat-co-maleinsaure). 

45 

21 . Komposit aus Anspruch 17, wobei das mindestens eine Grenzflachenmittelbindende Atom in der mindestens einen 
Grenzflachenmittel-bindenden Gruppe Stickstoff ist. 

22. Komposit nach Anspruch 21, wobei die mindestens eine Grenzflachenmittelbindende Gruppe Stickstoff ist, der in 
so einer funktionellen Gruppe im polymeren oberflachenaktiven Stoff enthalten ist, wobei die funktionelle Gruppe 

ausgewahlt wird aus der aus Aminen und Nitrilen bestehenden Gruppe. 

23. Komposit nach Anspruch 22, wobei das Grenzflachemittel ausgewahlt wird aus der Gruppe, die aus Potyacrylnitril 
und Poly (aery In itril-co-butadien) besteht. 

ss 

24. Komposit nach Anspruch 15, wobei das erste und zweite Polymer unabhangig voneinander ausgewahlt wird aus 
der Gruppe, die aus Poiyolefinen, Polystyrolen, Polyacrylen, Poryvinylchlorid und Polyestern besteht. 
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25. Komposit nach Anspruch 24, wobei das ersle und zweite Polymer verschieden sind. 

26. Komposit nach Anspruch 24, wobei das erste und zweite Polymer gleich sind. 

27. Komposit nach Anspruch 26, wobei das erste und zweite Polymer Polyvinylchlorid ist. 



Revendications 

1. Precede de preparation d'un composite poreux constitue par un thermoplastique et par des fibres cellulosiques 
naturelles de bois comprenant les operations consistant a : 

mSlanger les fibres cellulosiques naturelles de bois et le thermoplastique avec 

de 0,01 a 5 % en poids d'un adjuvant de porosite qui est choisi dans le groupe constitue par les melanges 
du type paraffines et cires d'hydrocarbures ayant un point de fusion de 93 °C ou plus bas et 
de 0,01 % a 2 % en poids d'un agent interfacial, pour aider a assurer une distribution homogene des fibres 
naturelles contenant de la cellulose dans le thermoplastique, ledit agent interfacial portant des fonctions 
telles qu'au moins une partie de I'agent interfacial puisse former une liaison chimique ou une liaison phy- 
sique avec au moins une portion du composant cellulosique des fibres naturelles contenant de la cellulose, 
alors qu'au moins une autre portion de I'agent interfacial aide a ameiiorer la compatibilite avec le thermo- 
plastique, 

pour former ainsi un melange ; 

a extruder le melange par une filiere d'extrusion en tant que composite ; 
et a fonner le composite en un profil6 ayant la forme souhait6e. 

2. Precede selon la revendication 1 , dans lequel I'etape de melange se fait dans un meiangeur a haute intensity de 
melange, a une temperature d'environ 82-116 °C. 

3. Prcc6d6 selon la revendication 1, dans lequel le profil de temperature de I'extrudeuse est comme suit : 165 - 218 
°C avant le dispositif de degazage, 138-199 °C apres le dispositif de d6gazage, 149 - 218°C au voisinage de la 
filiere, 177 - 218 °C a la filiere et 165 - 218 °C dans I'huile de la vis. 

4. ProcedS selon la revendication 1 , dans lequel le niveau du melange dans I'ouverture d'alimentation de I'extrudeuse 
est a un niveau permettant de couvrir les vis. 

5. Proc6d6 selon la revendication 1 , dans lequel le thermoplastique est choisi dans le groupe constitue par le chlorure 
de polyvinyle, les polyol6fines, les polystyrenes, les polyacrylates et les polyesters. 

6. Precede selon la revendication 1 , dans lequel I'agent interfacial est un tensioactif polymere. 

7. Precede selon la revendication 6, dans lequel I'atome de liaison du ou des groupes de liaison du ou des agents 
interfaciaux est I'oxygene. 

8. Precede selon la revendication 7, dans lequel le groupe de liaison du ou des agents interfaciaux est I'oxygene 
contenu dans un groupe fonctionnel du tensioactif polymere, ledit groupe fonctionnel etant choisi dans le groupe 
constitue par les acides carboxyliques, les esters, les ethers, les acrylates, les anhydrides d'acides, les amides et 
les alcools. 

9. Precede selon la revendication 8, dans lequel I'agent interfacial est choisi dans le groupe constitue par une poly- 
oietlne oxyd6e, le polyethylene - co - acide acrylique), le polyethylene - co - acide methacrylique), le poly(6thyiene 
- co - acrylate de m6thyle - co - acide acrylique), le pory(m6thacrylate de m6thyle - co - acide methacrylique). le 
poly(acrylate de tert-butyle - co - acrylate d'ethyle - co - acide methacrylique), le polystyrene - co - alcool allylique), 
le poly(alcool vinylique - co - ethylene), le poly(chlorure de vinyle) carboxyie, le poly(chlorure de vinyle - co - acetate 
de vinyle - co - anhydride maieique), le poryacrylamide, le poly(acrylamide - co - acide acrylique), le poly(m6tha- 
crylate de methyle), le poly(m6thacrylate d'ethyle), le polyethylene - co - acrylate d'ethyle), le poly(acrylate de 
butyle), le polyethylene - co - acrylate d'ethyle - co - anhydride maieique), le polystyrene - b - acide polyacrylique. 
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le polystyrene - b - acide polymethacrylique, le polystyrene - b - alcool polyvinylique, le polystyrene - b - polyoxye- 
thylene le polybutadiene a fonctions hydroxyle. le poly(chlorure de vinyle - co - acetate de vinyle). le poly(chlorure 
de vinyle - co - acetate de vinyle - co - acrylate de 2-hydroxypropyte) et le poly(chlorure de vinyle - co - acetate 
de vinyle * co - acide maleique). 

10. Precede selon la revendication 6, dans lequel I'atome de liaison du ou des groupes de liaison du ou des agents 
interfaciaux est I'azote. 

11 Procede selon la revendication 10, dans lequel le groupe de liaison du ou des agents interfaciaux est I'azote 
present dans un groupe tonctionnel du tensioactif polymere, ledit groupe fonctionnel etant choisi dans le groupe 
constitu6 par les amines et les nitriles. 

12. Procede selon la revendication 1, dans lequel la filiere d'extrusbn est une tiliere d'extrusion double et le second 
thermoplastique est co-extrud6 sur le composite. 

13. Procede selon la revendication 12, dans lequel le second thermoplastique est choisi dans le groupe constitue par 
le chlorure de polyvinyle, les polyolefines, les polystyrenes, les polyacrylates et les polyesters. 

14. Procede selon la revendication 1, dans lequel le taux de cisaillement est de 220 - 500 sec 1 . 

15. Article composite, comprenant : 

une premiere zone, ladite premiere zone etant constituee par un premier polymere ; et 
une seconde zone, ladite seconde zone etant constituee 

par un second polymere, et 

par des fibres natu relies contenant de la cellulose, 

de 0 01 a 5 % en poids d*un agent de porosite permettant de controler la porosite de ladite seconde zone 
ayant une surface exteme. ladite surface externe etant poreuse pour absorber et retenir une temture pour 
bois ou une peinture, ledit adjuvant de porosite etant choisi dans le groupe constitue par les melanges du type 
paraffines ou cires d'hydrocarbures ayant un point de fusion de 93 °C ou plus bas, et 
de 0 01 a 2 % en poids d'un agent interfacial, pour aider a assurer une distribution homogene des fibres 
naturelles contenant de la cellulose dans le second polymere, ledit agent interfacial portant des fonctions telles 
qu'au moins une partie de I'agent interfacial puisse former une liaison chimique ou une liaison physique avec 
au moins une portion du composant cellulosique des fibres naturelles contenant de la cellulose, alors quau 
moins une autre portion de I'agent interfacial aide a ameliorer la compatible avec le second polymere ; et 
ladite premiere zone et ladite seconde zone etant integrees ensemble et etant co-extrudees ensemble. 

16. Article selon la revendication 15, dans lequel : 

ladite seconde zone comprend : 

de 90 a 45 % en poids dudit second polymere, 

de 10 a 55 % en poids desdites fibres naturelles contenant de la cellulose, 
le composite de la seconde zone ayant une porosite de 5 a 40 %. 

17. Composite selon la revendication 15, dans lequel I'agent interfacial est un tensioactif polymere. 

18. Composite selon la revendication 17, dans lequel I'atome de liaison du ou des groupes de liaison du ou des agents 
interfaciaux est I'oxygene. 

19 Composite selon la revendication 1 8, dans lequel le groupe de liaison du ou des agents interfaciaux est I'oxygene 
contenu dans un groupe fonctionnel du tensioactif polymere, ledit groupe fonctionnel etant choisi dans le groupe 
constitue par les acides carboxyliques, les esters, les ethers, les acrylates, les anhydrides d'acides, les amides et 
les alcools. 
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20. Composite selon la revendication 19, dans lequel I'agent interiacial est choisi dans le groupe constitue par une 
polyolefine oxydee, le polyethylene - co - acide acrylique), le polyethylene - co - acide methacrylique), le poly 
(ethylene - co - acrylate de methyle - co - acide acrylique), le po!y(methacrylate de methyle - co - acide metha- 
crylique), le poly(acfylate de tert-butyle - co - acrylate d'ethyle - co - acide methacrylique), le polystyrene - co - 
alcool allylique), le poly(alcool vinylique - co - ethylene), le poly(chlorure de vinyle) carboxyle, le poly(chlorure de 
vinyle - co - acetate de vinyle - co - anhydride maleique). le potyacrylamide, le poly(acrylamide - co - acide acryli- 
que), le polyfmethacrylate de methyle), le polyfmethacrylate d'ethyle), le polyethylene - co - acrylate d'ethyle), le 
poly(acrylate de butyle). le polyethylene - co - acrylate d'ethyle - co - anhydride maleique), le polystyrene - b - 
acide polyacrylique. le polystyrene - b - acide polymethacrylique. le polystyrene - b - alcool polyvinylique, le po- 
lystyrene - b - polyoxyethyl&ne, le polybutadiene a fonctions hydroxyle, le poly(chlorure de vinyle - co - acetate de 
vinyle), le poly(ch!orure de vinyle - co - acetate de vinyle - co - acrylate de 2-hydroxypropyle) et le poly(chlorure 
de vinyle - co - ac6tate de vinyle - co - acide mateique). 

21. Composite selon la revendication 1 7, dans lequel I'atome de liaison du ou des groupes de liaison du ou des agents 
interfaciaux est I'azote. 

22. Composite selon la revendication 21, dans lequel le groupe de liaison du ou des agents interfaciaux est I'azote 
present dans un groupe fonctionnel du tensioactrf polymere, ledit groupe fonctionnel etant choisi dans le groupe 
const itu6 par les amines et les nitriles. 

23. Composite selon la revendication 22, dans lequel I'agent interfacial est choisi dans le groupe constitue par le 
polyacrylonitrile et le poly(acrylonitrile - co - butadiene). 

24. Composite selon la revendication 15, dans lequel le premier polymere et le second polymere sont choisis de 
maniere independante dans le groupe constitue par les polyolefines, les polystyrenes, les polyacrylates, le chlorure 
de polyvinyle et les polyesters. 

25. Composite selon la revendication 24, dans lequel le premier polymere et le second polymere sont differents. 

26. Composite selon la revendication 24, dans lequel le premier polymere et le second polymere sont identiques. 

27. Composite selon la revendication 26, dans lequel le premier polymere et le second polymere sont le chlorure de 
polyvinyle. 
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FIG.-4 
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